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Complex Biology
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Parameter Sensitivities
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Sloppiness in Biology
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Sloppiness Elsewhere
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Falsifiable Predictions

Growth factor
signaling in PC12 cells
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Calculate prediction o
uncertainties over an ensemble
of parameter sets consistent
with available data.

48 parameters

Brown et al., Phys. Biol. 1:184 (2004)
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interval size
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Refining Predictions
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SloppyCell

http://sloppycell.sourceforge.net

® Notable features

® System Biology Markup Language import/export

® Sensitivity integration (dy (0,t)/d0;)

® Parameter ensembles Markov-Chain Monte-
Carlo with importance sampling

® Parallel execution via MPI
® F2Py interface to Fortran DAE integrator

e with Jordan Atlas, Bob Kuczenski and python
Kevin Brown ﬁ

powered
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Hypothesis: Fitness is Sloppy
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Our Evolution Model

Sloppy fitness contours ®
in biochemical
parameter space

current
phenotpye

Fisher’s Geometrical
Model (1930)

Circular fithess contours
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Connecting to Experiments

Observe the first few adaptations
, of a microbial population to a
L — (Wi/Wj) new environment.
L— Wi/ W)™ | .
Sellaand Hirech YVeE seek analytic expressions for
PNAS 102:9541 (2005) the distribution of fitness
changes, in the Strong-Selection,

Weak-Mutation limit.
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Hypothesis: Population will often
hop onto narrow ridge of high
fitness. Finite population size
may then become important.




Linear Response

How does a population respond 5
to gradual changes in the
underlying fitness landscape!

Expand initial state into
eigenvectors of the Markov —
process. Convergence
dominated by the smallest
eigenvalues.

p(0,t) = p"(0) + e " cn pu(0)




Conclusions Thanks

Sloppiness is universal in

| °
complex biology. Sloppiness

Eric Siggia
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parameter fits most Modeling
efficiently constrain model Rick Cerione
predictions. Jon Erickson
Evolution

We're exploring the
implications for evolution in
a simple model.
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